This paper presents improvement tests based in a feedback-current controller designed to Tracking Maximum Power Point in photovoltaic system (MPPT-PV). Previously, a version was developed exhibiting results satisfactory in simulation and through of a low cost prototype. Now, using a sophisticated physical model of solar cell available in PSIM program is shown other cases, considering variations both irradiation and temperature to evaluate successfully the controller. The results show that its system is suitable under dynamical changing atmospheric conditions operating with effectiveness acceptable.
Introduction
A MPPT (Maximum Power Point Tracking) controller is most effective solution used to maximize the power extracted from PV modules under atmospheric conditions [1] - [5] . Although some MPPT methods are applicable for rural applications, they are implemented using powerful ICs, microprocessors or DSP (digital signal processor) [6] - [9] . Consequently, topologies mentioned are not the best for applications in underdeveloped countries, where the cost is a fundamental issue and where a highly trained installation and maintenance personnel is not easily available. As solution, a special feedback-current controller designed to operate as a MPPT system is developed [10] , which is a circuit highly efficient, simple, rugged, low cost design, and ideal for applications in isolated locations in the less developed countries. This paper presents improvement tests using PSIM [11] , a simulation program which allows additional verifications, specially focused to evaluate of the MPPT behavior under some perturbations not considered previously [10] : insolation changes, temperature variations and dynamical response of the controller. New simulation tests prove that the proposed controller can achieve effective, precise and fast response, being a part of the essential characteristics of a MPPT unit, specifically when is oriented to be used in an isolated place. Figure 1 shows the MPPT circuit using PSIM models. The main blocks used are: a sophisticated PV model available in PSIM, a simple power stage represented by an average model DC/DC converter (step-down topology), the MPPT controller constituted for a generic regulator, filtering stages and finally, simplest representation of a battery bank.
System Description
DC/DC converter is modeled using controlled sources of voltage VCVSV1 and current IVCCSV1. Both configurations depend on the duty cycle signal provided by the MPPT regulator. Its unit only requires measurement of the current I sal which is proportioned for solar cells array. The controller structure is based on the model equations explained in a next section.
Connecting adequate sources on S and T terminals available of solar cell module is feasible simulate changing conditions of irradiation and temperature respectively. Either S or T can be configured independently using different profiles: fixed, staircase-ramp type, piecewise linear and with triangular variations.
Acquiring and comparing P max and P out signalsis possible evaluate the tracking method proposed under different operational conditions.
Solar Module Physical Model (PSIM)
Although physical and functional models are available in PSIM, the first option can simulate the behavior of the solar module more accurately, and can take into account the light intensity and temperature variation. Some parameters required are: number of cells, maximum power, voltage and current in maximum power, open-circuit voltage, short-circuit current, standard light intensity, reference temperature, internal resistances, bang energy, ideality factor, temperature and light coefficients.
Both light intensity and ambient temperature are incoming externally. Default parameters used in simulations test are listed in Table 1 [12] .
The node S refers to the light intensity input (W/m 2 ), and the node T is the ambient temperature input (˚C). The node on the top is theoretical maximum power given the operating conditions. While the positive (+) and negative (−) terminal nodes are power circuit nodes. The equations that describe a solar cell are: 
where D max is a constant; and I sal is the current generated according to Equation (1).
Simulation Tests
A first test is focused to evaluate MPPT behavior under temperature variations. When T a is adjusted, tracker function is kept close such to PV power available as is illustrated in Figure 2 . Temperature ranges adopted specifically between 25˚C -40˚C, correspond to environmental conditions in isolated locations at south of Venezuela, regularly registered in some regions at Bolivar State. Under such circumstances the efficiency corresponds to 98.88%. A second evaluation is realized to verify the possible impact when solar irradiance changes linearly, simulated through triangular waveform with amplitude range between 100 to 1100 W/m 2 , applied as input signal to "S" terminal of solar cell model. Figure 3 illustrate an acceptable tracking capability of designed controller. The theoretical maximum available power is 63.6357W, the extracted power is 63.3713W, and the MPPT efficiency is 99.58%.
Regarding to dynamic test, the MPPT controller respond quickly under step change of solar irradiance as is showed in Figure 4 .
Finally, is considered a staircase function as irradiation over solar cell but adjusting simultaneously a temperature range between 25˚C to 45˚C.When upper temperature is reached, the theoretical maximum available power is 60.648W, the extracted power is 58.292W, and therefore the MPPT efficiency is 96.11%, such as showed in Figure 5 . Although the extracted power value has been reduced, the tracker system continues operating satisfactorily.
Because significant modifications are not required, the control system can be implemented with conventional PWM regulators [10] . 
Conclusions
MPPT controller reveals that it operates satisfactorily during each test realized. The controller is efficient but also optimizes energy production of PV array. However, just like any off-line techniques, it requires manufacturer data sheet of solar cell connected.
Under conditions considered, it is feasible to install the MPPT controller in isolated locations although atmospheric perturbations persist.
Although the design does not require a compensation stage, nevertheless, a simple network could be added to adapt the circuit to temperature changes.
